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ABSTRACT

Precision of Temporary Anchorage Device Placement with 2D vs. 3D Diagnostic Tools
and Surgical Guides
by
Howard Lee

Master of Science Degree, Advanced Education Program in Orthodontics and
Dentofacial Orthopedics
Loma Linda University, March 2008
Dr. Mark Batesole, Chairperson

Current methods oftemporary anchorage device(TAD)planning and placement
are performed by radiographic analysis in a two-dimensional plane that lends itself to
inaccuracy secondary to variations in the angle from which the radiograph is taken, as
well as the magnification of the radiographic image, resulting in an increased likelihood

of placement errors. The purpose ofthis study was to compare a three-dimensional(3D)
TAD planning and placement technique to a traditional two-dimensional(2D)technique.
In the 2D group, periapical radiographs and pre-fabricated wire guides were used for
planning and placement of TADs on five plastic models. For the 3D group, surgical drill
guides were fabricated using cone beam computed tomography(CBCT)data, and were
used for TAD placement on five models identical to the 2D group. Four TADs were

placed in each maxillary model, between the cuspids and

bicuspids and between the

2^^ bicuspids and U'molars bilaterally.
TAD placement was evaluated on the criteria of 1) Horizontal position- the
amount of deviation from the midpoint between two adjacent roots. 2) Vertical positionthe level where adjacent roots to the TAD were at least 2.5 mm apart and 3) Angulation-

the angle formed by the long axis of the TAD and the long axis ofthe tooth anterior to
the TAD.

The results were evaluated using two-sample t-tests at the significance level of

a= .05. No significant difference was noted in the horizontal position between the 2D
and 3D groups. There was a significant difference noted in the vertical position between
the 2D and 3D groups, although both the 2D and the 3D methods were successful at
placing TADs at a level where the roots were at least 2.5 mm apart. There was a
significant difference in the ability of the 3D group to achieve a TAD placement angle
closer to the desired 35° angle to maximize TAD stability. A statistically significant
difference existed between the ideal measurements and the measurements of both the 2D

and 3D groups for all three of the evaluation criteria. The incidence of TADs contacting
the adjacent roots was similar in both groups.

In conclusion, the three dimensional placement technique used in this study shows
potential in improving the precise planning and placement of TADs. However, more
research needs to be conducted to assure the proper fit and the stability of computer-aided
design/computer-aided manufacturing(CAD/CAM)surgical drill guides.

CHAPTER ONE

INTRODUCTION

The goal oforthodontics is to treat all forms of malocclusions of the teeth and
associated alterations in their surrounding structures. It involves the guidance of the
dentition and its supporting structures to attain and maintain optimum relations in
physiologic and esthetic harmony among facial and cranial structures. In planning
orthodontic therapy, one should not only consider the teeth whose movement is desired;
reciprocal effects throughout the dental arches must also be taken into account. The term

'anchorage' may be defined as the resistance to unwanted tooth movement.^ The
introduction of temporary anchorage devices(TADs)has shown much promise in

providing absolute anchorage, in that there is no unwanted tooth movement. This is
because the desired tooth movement is anchored by a titanium screw secured in cortical
bone, instead of being anchored by an adjacent tooth. Although the use of TADs may not
replace other proven anchorage methods, it does expand the practitioner's available
options to maximize the tooth movement that is desired, while minimizing undesirable
side effects.

There are many advantages to using TADs for anchorage. Some advantages of
TADs over other osseous anchorage devices are their small size and numerous size
variations, enabling the practitioner with many options in placement. The surgical
procedure for placing these TADs is simpler than the procedure for placing traditional
dental implants. This reduces the cost and amount of trauma that a patient will face.

Incomplete osseointegration is another advantage of TADs because it allows for effective
anchorage with easy insertion and removal. Once the initial stability of the TAD has
been confirmed, an orthodontic force of 50-250 grams could be applied immediately.

This is because TADs rely on an immediate mechanieal stability ox primary stability?'^
It is recognized that TADs may be used in any stage of development, have been reported
to shorten treatment time, and allow the elinician to operate independent of patient

cooperation.^
TADs are not without their drawbacks, however. The small size of TADs makes

them more susceptible to fracture compared to other osseous anchorage devices.

Infection can also develop around the TAD if the transmucosal portion is not entirely

smooth or as a result of poor oral hygiene.^ Over-tightening a TAD in lesser quality bone

can cause it to loosen.^ And finally, speeial attention is required during TAD placement
to reduce the chance ofinjury to anatomic structures such as vessels, nerves, and dental
roots.

To decrease the chance of these problems, the practitioner should carefully choose
an appropriate implant and follow a protocol while inserting the TAD. Most TADs are

made of medical grade 4 or 5 titanium.^ The diameter used will depend on the space
available and bone quality. Shorter TADs can be used if there is sufficient cortical bone

thickness. However, if stability also depends on trabecular bone, a longer or wider
diameter TAD may be required. A conical TAD with a solid neck, and a diameter

appropriate to the quality of bone, decreases the likelihood of TAD fracture.^ A TAD
with a smooth transmucosal portion can decrease the chance of infection.^

Horizontally, the position of TADs should be at the center between adjacent roots
to avoid root contact. TAD contact with the periodontal ligament of an adjacent root may

lead to pain upon percussion or mastication. When the root itself is violated, the patient
may experience thermal sensitivity. These sjunptoms, however, generally subside when
the TAD is removed.^'^"^

Vertically, TADs should ideally be placed in attached gingiva. This will improve
the ability of the patient to adequately clean the TAD,preventing inflammation and
infection. Retention may also be increased because the TAD would not be in mobile
tissue. In addition, this location would be the most comfortable to the patient. It should

also be noted that, similar to dental implants, some bone loss might occur near the neck
of the TAD. For this reason, the TAD should be placed at least 4 mm from intercrestal
bone to limit the potential negative affects of any bone loss in this area.

Kyung recommends that TADs be placed at 30-40° and 10-20° angulations to the
long axes ofthe adjacent teeth in the maxilla and mandible respectively.

Decreasing

angulation would increase the contacting surface area between the TAD and cortical
bone, which in turn increases the primary stability by as much as 50%. Furthennore, the
risk of damaging the root is minimized as the distance between the root and TAD
trajectory increases when the TAD angulation decreases.
There are many suitable intraoral sites for TAD placement. Because most TADs

use mechanical retention as the main source of stability, they can be placed in any site in

the oral cavity with sufficient bone.'^'^^ However,some sites offer strategic importance.
Because maxillary models were used in this study, it should be noted that the maxillary

interradicular space between the 2" bicuspid and 1®^ molar provides an optimal

anatomical site for TADs because ofthe volume of bone in this area. ' Plaeement in
this site also allows a horizontal vector closer to the center of resistance ofthe teeth

during retraction and therefore would allow more bodily tooth movement through bone.
TADs are basically of two designs; self-tapping and self-drilling. The initial
design of TADs was greatly influenced by manufacturers' design of surgical bone screws

used by oral and maxillofacial surgeons for retention of surgical plates, tenting meshes
and direet eortical fixation of osteotomy sites. Surgeons commonly pre-drill a placement
site to provide a guide for the spiral threads of the screw to "pull" the screw into place.
This process is termed self-tapping in that the screw is following a pre-drilled hole. If
this method is used, a low-speed contra-angle with a drill .2-3 mm narrower than the

TAD should be used for initial entry into the bone.'*^ A slow drill speed (400-500 rpm)
with irrigation is reeommended to prevent heat buildup and possible osseous neerosis.
This method is indicated where cortical bone thickness exceeds 2 mm because the dense

bone may bend the fine tip of the TAD or may cause metal fatigue and eventual TAD
fracture.

A self-drilling TAD does not require a pre-drilled path. The TAD is designed
with either a cutting tip or a fine pin-like tip that allows the operator to press the TAD
through the periosteum so that the first thread with its leading cutting edge can drill into
the bone as the TAD is turned. Using a self-drilling technique allows the clinician more

tactile feedback. The clinician can feel any resistance from the roots and make the

necessary adjustments to prevent iatrogenic damage. Most praetitioners prefer a selfdrilling design.

Many different methods have been developed for planning the placement of
TADs in an attempt to prevent iatrogenic damage to the periodontal ligament and/or root.
Traditionally, study models and two-dimensional(2D)radiographs have played important
roles in the proper placement of TADs. These records have been used to verify the
positioning of surgical guides for direct placement. As an example, Melsen placed a wire

guide directly over the occlusal embrasure and secured it in place with acrylic resin.^
Although direct methods have been reportedly successful, they do have
shortcomings, a vital one being that they use 2D data for a three-dimensional(3D)
situation. Differences in the angle from which the radiograph is taken can have a

significant effect on placement. Dental cone beam computed tomography(CBCT),
however, has the advantage of obtaining 3D data. In addition, CBCT is not as prone to
magnification or superimposition errors as commonly observed in the conventional

imaging methods.'^
In recent years, researchers have studied the use of CBCT in the placement of

traditional dental implants. Sarment conducted a study comparing the placement of
dental implants with traditional surgical guides versus with a stereolithographic surgical
guide in vitro. He found a statistically significant improvement when stereolithographic
surgical guides were used in all three measurements: distance from center of the implant

at the coronal end, distance from the apex, and angulation of the implant.

This study of

stereolithographic surgical guides in dental implant placement is promising and indicates
a need for research in the use of these guides in orthodontic TAD placement, where a

difference of a millimeter can make a significant impact on the success or failure of a

TAD. The purpose ofthis study was to compare the precision of a 2D TAD placement
technique to a 3D technique.

CHAPTER TWO
MATERIALS AND METHODS

Model Preparation

A random sample of T1 (initial) records was chosen from Loma Linda Graduate

Orthodontic Clinic's patient pool. From that sample, five plaster models were selected
each displaying varying arch forms and degrees of crowding/spacing. Among these
cases, the arch forms range from narrow tapered to ovoid and the degree of crowding

ranged from mild crowding(0-4 mm)to mild spacing (0-4 mm). Moderate to severely
crowded arch forms(> 4 mm)were not selected because these arches would be better
developed before TAD placement in a clinical situation.

Each of these five representative T1 models (Figure 1) served as a guide by which
to fabricate two identical plastic models, one for the 2D group and one for the 3D group;
ten models in total. The models were manufactured with radiopaque plastic and
radiopaque teeth, which allowed the investigator to plan and place the TADs under
simulated clinical conditions, using conventional x-rays or CBCT to visualize anatomical
structures.

The first step consisted of creating a plastic mold of the T1 models using 2.0 mm
X 125 mm Bioplast material in a Biostar maehine (Scheu Dental, Iserlohn, Germany)
following the manufacturer's recommended settings. These molds were sent to a lab
(Orthodontic Design and Production, Vista, Califomia)for further processing. At
Orthodontic Design and Production(ODP),standardized plastic radiopaque teeth were

placed in best approximation to the natural tooth position represented in the mold, and
held in place by a wax matrix (Figure 2). That matrix (Figure 3) was then used to create
a rubber mold by which the plastic model was ultimately fabricated (Figure 4).
When the processed plastic models were received from ODP,they were divided
into two identical groups. Five models were placed in the 2D group, and five into the 3D
group.

Figure 1. Image of sample T1 plaster model.
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Figure 2. Bioplast mold showing radiopaque teeth held
in place with a wax matrix.
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Figure 3. Wax model used to make a rubber mold for
model duplication.
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Figure 4. Plastic model with radiopaque teeth. One
used for the 2D group, identical used for the 3D group.

TAD Placement Goals

Self-tapping ACE TADs(American Orthodontics, Sheboygan, Wisconsin) were
used in this study. The TADs were 1.8 mm in diameter and 8.0 mm in length with a

continuous taper (Figure 5). Locations for placement of TADs were identified according
to the following criteria: 1) Horizontal position- centered between the roots of adjacent
teeth to minimize iatrogenic damage (measured from the TAD to each adjacent root

surface in millimeters perpendicular to the long axis of the TAD and parallel to the axial

plane). 2) Vertical position- placed at a level where divergent root surfaces adjacent to
the TADs were at least 2.5 mm apart(measured between the root surfaces in millimeters
perpendicular to the long axis of the TAD and parallel to the axial plane). Hard tissue

references (adjacent roots) were used for the vertical position because of the lack of soft
tissue references (attached gingiva) on the plastic models. 3) Angulation- 35° from the

long axis of teeth to increase TAD/cortical bone contact area(measured in degrees as the
angle formed by the long axis ofthe TAD and the long axis of the tooth anterior to the
TAD). For each group, four TADs were placed in each of the five models, between the

cuspids and 1®' bicuspids and between the 2°'' bicuspids and 1®^ molars bilaterally.

Ir'Y

Figure 5. Ace self-tapping TAD system (left) and magnified view of an individual
TAD (right).

TAD Placement Technique(2D group)

MTAC orientation-placement wire guides(American Orthodontics, Sheboygan,
Wisconsin) were adapted over the occlusal surfaces of the plastic maxillas, and set into

place with white rope wax in the desired TAD placement locations (Figure 6). Periapieal
radiographs were taken with the wire guides in place in each ofthese locations to insure

that the placement goals were met(Figure 7). After the proper position of the wire guide
was confirmed, the wire guide was set into place with Triad gel (Dentsply, York,
Pennsylvania) and then light-cured. The TAD was placed in the center of the wire guide
loop and inserted at the desired 35° angle with a manual driver.

Figure 6. 2D group wire guide
adjusted over the occlusal surface and
stabilized with wax.

m

Figure 7. Periapical radiograph of the
model shown in Figure 6 was used to
determine the proper positioning of the
TAD.

TAD Placement Technique(3D group)

CBCT scans ofthe five plastic maxillas were made with a NewTom 3G(AFP
Imaging, Elmsford, New York) CBCT (Figure 8). The plastic maxillas were held in

place with saline bags before scanning. The saline bags bad the additional purpose of
adding mass to increase the amount of radiation used, and therefore improve image
quality. The reconstructed files were converted to DICOM formatted axial slices and then
imported into Simplant(Materialise, Leuven, Belgium). TAD placement was planned
with Simplant software using coronal, axial, sagittal, and clinical views (Figure 9). Using

the Simplant planning software, the investigator chose an axial view image where the
adjacent roots were at least 2.5 mm apart. A virtual TAD was selected from the Simplant

software with the pre-set measurements of 1.8 mm diameter and 7 mm length, and was
then centered between the two adjacent roots(Figure 10). To determine the angle of
placement of the virtual TAD in the coronal view, a reference line was drawn through the

long axis of the tooth anterior to the TAD. The investigator then used the angle tool of
the Simplant software to create a line that made a 35° angle to the reference line. This
would be the planned TAD angulation (Figure 11). Once the planning of the TADs was
complete, an ideal TAD position and angulation was ascertained with the clinical view.
where a 360° 3D view was displayed without hard tissue (Figure 12).

Figure 8. NewTom 3G used to scan
plastic models with radiopaque teeth.
Saline bags were used to support the
plastic models and improve image
quality.
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Figure 9. Coronal(upper left), axial (upper right), and sagittal(lower left) views may
be assessed as well as a fourth, clinical (lower right), view.

uj„.tljJ-.^lA..'^...-li^^. U,M.I

Figure 10. Axial view used for planning horizontal position ofthe TADs.
Note the planned position (purple) is the midpoint between adjacent roots.
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Figure 11. Coronal view, used for planning TAD angulation. A 35°
angulation was used (blue)to orient the TAD (purple).

Figure 12. Ideal TAD positions and angulations were ascertained with the clinical
view, where a 360° 3D view was displayed without hard tissue.

After the Simplant planning was complete, alginate impressions of the plastic

models in the 3D group were made to fabricate plaster models. The information for
surgical guide fabrication and the plaster models were then sent to Simplant for surgical
guide production.

The surgical guides were built using a rapid prototyping machine, SLA-250/50

(3D systems, Valencia, Califomia), and a stereolithography technique. The surgical
guides were constructed layer-by-layer using this 3D printing technique based on the
information in the Simplant software planning. A laser beam traced a cross section of the
surgical guide on liquid resin (Renshape SL YC-9300 R, Huntsman Advanced Materials,

Basel, Switzerland). Exposure to the UV light-cured the resin and adhered it to the

previous layer. After a pattern was traced, the machine platform descended by a single
layer thickness (.5- .15 mm). A new layer of liquid resin was superimposed and the
process continued until the completion of the surgical guide. The surgical guides were

then taken from the machine, cured, finished, and polished manually. Support structures

were removed, and metal guide tubes were fixed in place and fitting was checked on the
plaster model(Figure 13).

Figure 13. A surgical drill guide fabricated from the
3D Simplant data being fitted on the plaster model.

The investigator placed each of the surgical drill guides on their respective plastic
maxillas. The palatal portions of all 5 guides were removed with a tungsten carbide
acrylic bur (Brasseler, Savannah, Georgia) and a straight handpiece in an effort to
improve their fit. The surgical guides were then used to pre-drill a path for the TADs
using a 1.1 mm diameter drill (Imtec, Ardmore, Oklahoma) and a slow-speed contra-

angle handpiece. The guides were removed and the TADs were manually placed with a
driver (Figure 14).
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Figure 14. Post-placement of TADs with the use
of a surgical drill guide.

Data Collection

CBCT scans were taken of both 2D and 3D group models with TADs in place to
I

evaluate technique precision. Location and angulation of TADs were evaluated using

Osirix software. Correct placement was based on: 1) horizontal position, 2) vertical
position, and 3) angulation.

Horizontal Position

The first variable to be evaluated was the horizontal TAD placement location,

which would ideally be at the midpoint between the adjacent roots. The 2D MPR view
was selected in Osirix. The mode was set to maximum intensity projection at an interval
of 2 slices and a thickness of 12 slices. In the axial view, the image slice was oriented

perpendicular to the long axis of the TAD. In the coronal view, the image slice was

oriented perpendicular to the long axis ofthe TAD as well. In the reconstructed image
(sagittal view), diameter of the TAD,and distances from the TAD to the anterior(XI)
and posterior(X2)roots were measured and recorded (Figure 15). Deviation from the

ideal horizontal position was calculated from the difference in XI and X2(1x1-X2 I).
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Figure 15: Sagittal view was used for
measuring distances between the TAD
and adjacent roots.

Vertical Position

The vertical position of the TAD was evaluated in the same manner as the
horizontal position. The total distance between the adjacent roots was measured, and a
distance of 2.5 mm or more was considered acceptable (Figine 16).

I

Figure 16: Sagittal view was used for
measuring the total distance between roots.

Angulation

To measure the TAD angulation, the image slice was oriented along the long axis
of the TAD in the axial view. In the sagittal view, the image slice was oriented along the

long axis of the tooth anterior to the TAD. In the reconstructed image (coronal view),
lines were made along the long axes of the TAD and to the tooth anterior to the TAD
using the line tool. The angle created was then measured using the angle measurement
tool(Figure 17).

Measurement 1

Length: 4.312 cm

M easurement 1 *

f ,

Length: 3.796 cm

Angle 1

'■ 1

Angle: 63.991 / 296.009i

Figure 17: Coronal view was used for
measuring the TAD angulation relative to the
long axis of teeth.

Percentage of Available Space
The diameter of the TAD was measured relative to the total distance

between adjacent roots to calculate the percentage of available space.
Analysis was conducted to ascertain whether there was a correlation between
percentage of available space and TAD-to-root contact.

Summary of Measured Parameters
Parameter

Measurement

distance from TAD to tooth anterior

distance from TAD to tooth posterior
Total Distance

Angle

distance between the adjacent roots

TAD angulation in relationship to long axis of
tooth anterior

Percentage of Available Space

1 - (TAD diameter/Total Distance)

Statistical Analysis

Three sets of measurements were recorded using Osirix software. A python script

(Appendix A)was utilized to write a randomized sequence for data collection (Appendix
B), and the data sets were recorded two days apart. Hypothesis testing was conducted
indicating that there was no significant difference among the data sets with a p-value of
.999 (Kruskal-Wallis Test). Past studies indicated the intraclass correlation coefficient
(ICC)for the measurements made from NewTom data to be in the high ninetieth

percent.

This would indicate that the measurement methods used when assessing

each NewTom image were highly reproducible and reliable. Furthermore, this finding
indicates that CBCT images contain sufficiently high resolution for accurate measuring.
For the horizontal position, vertical position, and angulation of TAD placement, a

two-sample t test was used to determine if a significant difference between the 2D group
and 3D group,2D group and ideal measurements, and 3D group and ideal measurements

existed. A 2-sample binomial test was used to determine if a significant difference
existed in TAD-to-root contact between the 2D and 3D groups. Finally, a correlation

analysis. Spearman's rho, was used to evaluate the correlation between percentage of
available space and TAD-to-root contact. All statistical analyses were performed at the
significance level of a= .05.

CHAPTER THREE

RESULTS

There was a significant difference in two ofthe three criteria between the 2D and
3D groups (Table 1). In evaluating horizontal position, no significant difference was
shown in the ability of the two groups to center the TADs. A significant statistical
difference was noted in the vertical position between the two groups. The TADs in the
3D group were located in areas where the adjacent roots were further apart. However,
both the 2D group and the 3D group were successful at placing the TAD where the roots
were at least 2.5 mm apart. There was a significant difference in the angle of TAD
placement between the 2D and 3D groups. The 3D group achieved TAD placement
angulation closer to the desired 35° angle goal.

Table 1. Comparison of TAD Placement Precision between 2D and 3D Groups using
Two-sample t test at the significance level of a= .05
Ideal

2D group:

Measurements:

PA/wire

guide

3D group:
NewTom/surgieal
guide

p-value:
(between 2D
and 3D

groups)
Horizontal

Absolute value of .94 ±.87 mm

position:

(XI-X2)should
equal zero

Vertical

TAD placed
where adjacent

position:

1.34± 1.13 mm

p= .222

3.24 ± .82 mm 3.95 ± 1.08 mm

p= .024 *

61.42+ 11.89° 45.91 ±9.12^^

p< .0001

teeth are at least

2.5 mm apart

Angulation:

TAD long axis to
long axis oftooth
anterior should
measure 35°

* Statistical significance exists

The results indicated a significant difference between the ideal measurements and
the measurements of both the 2D and 3D groups for all three evaluation criteria:

horizontal position, vertical position, and angulation (Tables 2 and 3).

Table 2. Comparison of TAD Placement Precision between Ideal and 2D Groups using
Two-sample t test at the significance level of a= .05
Ideal

2D Group:

p-value:

0 mm

.94 +.87 mm

p< .0001 *

> 2.5 mm

3.24 ±.82 mm

p<.0001 *

35°

61.42± 11.89°

p<.0001 *

Measurement:

Horizontal
Position:

Vertical
Position:

Angulation:

* Statistical significance exists

Table 3. Comparison of TAD Placement Precision between Ideal and 3D Groups using
Two-sample t test at the significance level of a= .05

Horizontal

Ideal
Measurement:
0 mm

3D
Group:
1.34±1.13mm

p-value:

p< .0001 *

> 2.5 mm

3.95 ± 1.08 mm

p< .0001 *

35°

45.91+9.12°

p< .0001 *

Position:

Vertical
Position:

Angulation:

* Statistical significance exists

There were five instances ofroot contact with the 2D method(25%)and six
instances with the 3D method (30%). The 2-sample binomial test at the significance

level of p= .7188 indicated that this was not a statistically significant difference (Table 4).

Table 4. Comparison of TAD-to-root Contact Incidence between 2D and 3D Groups
using 2-sample binomial test at the significance level of a= .05
2D group:
FA/wire guide
(n= 20)
Number of TADs

3D group:
NewTom/surgical
guide(n= 20)

p=.7188

6

5

p-value

contacting roots

Spearman's rho was used to calculate the correlation coefficient between

percentage of available space between the roots and TAD-to-root contact(Table 5). Both
groups displayed a negative correlation, with the 3D group indicating statistical

significance. This indicates that, as the percentage of available space decreased, the
likelihood of a TAD contacting a root increased.

Table 5. Correlation Coefficients (Spearman's rho) between TAD diameter and
Percentage of Available Space for the 2D and 3D Groups
2D group
Correlation Coefficient

.431

* Correlation is significant at the level of a= .05

3D group
.549 *

CHAPTER FOUR

DISCUSSION

In this study, the traditional wire guide technique based on imaging from twodimensional radiographs was compared to a three-dimensional method whereby CBCTgenerated surgical drill guides were used in the planning and placement of TADs. One

would expect the CBCT-generated surgical guides to perform better, given the additional
dimension ofimaging that was incorporated into planning and the supposedly enhanced
ability to place TADS more precisely with a three-dimensional guide. However, our

results showed a clinically significant difference in only one of the three criteria used to
evaluate the 2D and 3D groups. Also, the incidences of TAD-to-root contact were

similar between the two groups(25% for the 2D group and 30% for the 3D group).
Imperfect fit of surgical guides, errors involved in the two-step technique of pre-drilling

followed by TAD placement, and challenges in communication between the clinician and
the manufacturer of the guides may have affected the precision of TAD placement using
this new technology.

It was observed during the process of TAD placement that the CBCT CAD/CAM
surgical drill guides did not uniformly fit over the occlusal surfaces ofthe plastic models,
which may have affected TAD placement precision. In one instance, the surgical drill
guide directed the placement of a TAD in a location that was narrower than the width of

the TAD,causing TAD-to-root contact on both adjacent roots. An attempt was made to
improve the fit of the surgical guides by removing the palatal portions of all five guides
with a Brasseler tungsten carbide acrylic bur and a straight handpiece. It should be noted
that technicians from Simplant reported receiving some plaster models with chipped
incisal edges. The surgical guides for the models with chipped incisal edges were
relieved in areas where altered occlusal surfaces may have adversely affected their fit by
Simplant technicians.

Other factors that may have affected the fit of the surgical guides may have

involved the data conversion, impressions, or material stability of the resin used to make

the surgical guides. Because the surgical guides did not fit well on the original plaster
models that were sent to Simplant when they were retumed to the investigator, one might
question the dimensional stability of the resin. A follow-up study comparing each
surgical guide to its original design may be useful.

Two-Step Technique

Precision in angle of placement may have been compromised in the 3D group

because the guide and drill were removed before the TAD was inserted manually; this is
referred as a two-step technique of TAD placement. If a one-step technique could be

utilized where a TAD is inserted directly into place with the guide, this may improve the
precision of placement because the path of the TAD would be guided directly by the
metal guide tube.

Proper Diagnosis and Communication

The third factor affecting precision may have involved errors of eommunieation

between the clinician and the surgical guide manufacturer. Because this study involved
the application of CBCT-generated surgical guides to a relatively new technology,

communication between the clinician and the surgical guide technician regarding proper
TAD placement locations was critical. There were incidences in the study where the
TAD location met the theoretical placement criteria, but would not be a practical site to

place a TAD in a clinical situation. For example, one can theoretically place the TAD
where the distance between the adjacent roots are 2.5 mm apart or more by locating it
further in the apical direction; however, this would not necessarily be clinically desirable
as you may then no longer be placing the TAD in the attached gingiva but rather in the
unattached gingiva. There are also situations in which the desired TAD placement
location may not be feasible. In one model, there was not adequate space to place a TAD

between the right cuspid and 1®' bicuspid. The TAD was placed between the 1®' bicuspid

and the 2°*^ bicuspid for both the 2D and 3D groups for this model.
The results ofthis study indicate that more research is needed to improve the
precision of placing TADs with CAD/CAM surgical guides before the clinical
application of this technology. In a clinical situation, soft tissue in live patients would

bring additional challenges. Proper occlusal fit as well as soft tissue relief would be

necessary for precise TAD placement. Finally, the presence of the surrounding oral
tissues (tongue, lips, and cheeks) may also affect TAD placement precision.

CHAPTER FIVE

CONCLUSIONS

Within the confines of this study, the following conclusions could be made:

1. The CBCT generated surgical drill guides in this study showed no significant
improvement in centering the TAD between roots over the 2D group.
2. CBCT generated surgical drill guides and the 2D technique were both capable of
placing TADs between a designated area with a minimum desired width (at least 2.5
mm in this study).

3. CBCT generated surgical drill guides can improve the angle of placement of TADs

over the conventional wire guide/periapical x-ray technique.
4. A statistically significant difference existed between the ideal measurements and the
measurements of both the 2D and 3D groups for all three ofthe evaluation criteria,
indicating a need to improve TAD planning and placement techniques.
5. Both 2D and 3D groups demonstrated similar incidences of TAD-to-root contact.

6. Generally, as the percentage of available space decreased, the likelihood of a TAD
contacting a root increased for the 3D group.
7. More research is needed to improve the precision of placing TADs with CBCT-

generated CAD/CAM surgical guides before the clinical application ofthis
technology.
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APPENDIX A

PYTHON SCRIPT

Import random

groups =['controI_l.I','control_1.2Vcontrol_1.3Vcontrol_1.4',
'controI_2.r,'control_2.2','control_2.3','control_2.'
'controI_3.r,'control_3.2VcontroI_3.3','control_3.'
'controI_4.1','control_4.2Vcontrol_4.3','controI_4.
'control_5.r,'controI_5.2VcontroI_5.3VcontroI_5.
'experimental_ 1.T,
'experimental_l.2VexperimentaI_l.3Vexperimental_l.4',
'experimental_2.1
'experimentaI_2.2Vexperimental_2.3','experimentaI_2.4',
'experimental_3.1',
'experimentaI_3.2VexperimentaI_3.3Vexperimental_3.4',
'experimental_4.1
'experimental_4.2','experimental_4.3','experimenta]_4.4',
'experimental_5.1',
'experimentalS.2Vexperimental_5.3VexperimentalS.4']
random.shuffle(groups)
print(groups)
print('\n\n')

random.shuffle(groups)
print(groups)
print('\n\n')
random,shuffle(groups)
print(groups)

